Abstract Original Article
In these circumstances, the splanchnic nerve neurolysis can be useful as its anatomy is not affected by the disease process or enlarged lymph nodes. The literature for splanchnic nerve neurolysis for relief of upper abdominal malignancies is limited. There were many studies which showed that the mechanical neurolysis of splanchnic nerves is effective in pain control in patients with pain arising out of pancreatic cancer or chronic pancreatitis. The mechanical splanchnicectomy can be performed through multiple approaches, which are transhiatal bilateral splanchnicectomy, unilateral thoracoscopic splanchnicectomy, and bilateral thoracoscopic splanchnicectomy. [21] [22] [23] [24] [25] Moreover, there were a few major complications associated with these procedures. [26] Thus, we tried to find a safer alternative to the celiac plexus for pain relief in upper gastrointestinal malignancies. Till date, there were few studies on computed tomography (CT)-guided splanchnic nerve block. [27] [28] [29] In addition recently in last few years, three studies on fluoroscopy-guided splanchnic neurolysis have showed promising results as compared to celiac neurolysis for upper abdominal pain from gastrointestinal cancer. [30] [31] [32] [33] Furthermore, recently, the radiofrequency thermocoagulation of splanchnic nerves has showed promising results for pain upper gastrointestinal structures. [34] We have retrospectively analyzed the data from about 21 patients who had underwent the splanchnic nerve neurolysis after a positive diagnostic splanchnic nerve block. We tried to find the safety and efficacy of splanchnic nerve block. The primary objective of our study was 50% reduction of the pain intensity after the neurolysis, and the secondary objective is 50% reduction in opioid dose, functional status, and quality of life.
Methods
The retrospective study of the 21 patients who had undergone the fluoroscopy-guided splanchnic nerve alcohol neurolysis for intractable upper abdominal pain (numerical rating scale [NRS]>7) from upper gastrointestinal cancers, who had not responded to oral opioid therapy as per the WHO analgesic ladder and who had a positive diagnostic splanchnic block, over a period of 1 year from October 2014 to September 2015 after a positive diagnostic splanchnic nerve neurolysis. These patients were not amenable for celiac plexus neurolysis due to distortion of anatomy by the disease or enlarged celiac lymph nodes as shown in the computerized tomography or magnetic resonance scan. The patients were diagnosed with gastrointestinal cancers where chemotherapy was continued.
They were considered for splanchnic plexus neurolysis if they fulfill the following:
• Diagnosed with upper gastrointestinal cancer • Severe pain with pain intensity > NRS • Not responding to oral opioid or having intolerable side effects from opioid therapy • Not amenable to celiac plexus neurolysis due to distorted celiac plexus anatomy due to disease or enlarged lymph nodes
• Positive diagnostic splanchnic nerve block, i.e., more than 50% relief in pain intensity for more than 2 hour.
Two patients had refused neurolysis because of coagulopathy.
Diagnostic splanchnic nerve block
The patients were kept fasting for 6 h before the procedure and were prehydrated with 500 ml of normal saline. The oral immediate release morphine was stopped 4 h and the delayed release one was stopped 12 h before the procedure. The other analgesics, for example, paracetamol were stopped 6 h before the injection, and the other nonsteroidal anti-inflammatory drugs were stopped either 12-24 h preoperatively. In the operation theater table, the patient was placed in prone position with a pillow under the hip and chest to reverse thoracolumbar lordosis and to increase the distance between iliac crests and rib cage. The monitors, electrocardiography, noninvasive blood pressure, and pulse oximetry were connected as per the American Society of Anesthesiologists standard and 20-gauge intravenous cannulae were inserted, and lactated ringer solution was started. The T12 vertebrae were visualized with fluoroscopy, and the c-arm was rotated to the ipsilateral side by 20-30° until the T12 transverse processes is flushed with the anterolateral border of the vertebrae. The skin and subcutaneous tissue was infiltrated with 1% lignocaine. A 22-gauge Chiba needle (Cook Medical Inc., Bloomington, IN, USA) was directed toward the anterolateral border of T12 vertebrae under fluoroscopy guidance, and the final position was confirmed by the spread of contrast along the anterolateral border of the vertebra with no posterior leaking of contrast . The diagnostic splanchnic nerve block was given using 8 ml of 0.25% bupivacaine through the Chiba needle on both sides after a negative aspiration of blood or fluid (contrast). The diagnostic block was considered positive if there was 50% decrease in pain intensity (measured in NRS) for at least 2 h after the injection. The patients were observed for any immediate hemodynamic complication and for the delayed effects such as diarrhea and were placed on overnight intravenous fluid. The regular analgesics were started once the pain started after the procedure as per WHO guidelines.
Therapeutic splanchnic nerve block
The therapeutic splanchnic plexus block was given in a similar way as the diagnostic splanchnic nerve block, and the neurolysis was done using 6 ml of 50% alcohol in 0.25% bupivacaine on both sides after negative aspiration of blood or cerebrospinal fluid and confirmation of site by the use of contrast under fluoroscopy [ Figures 7-9 ]. There was initially increase in pain in two patients, which resolved in a few minutes. The patients were observed for any immediate hemodynamic complication and delayed effects such as diarrhea and were placed on overnight intravenous fluid.
Additional interventions
No additional intervention like additional neurolysis was done during the study period, except the titration of opioid and other analgesics.
Postprocedure follow-up
The patients were followed up at 1 week, 1 and 3 months after the procedure. The baseline pain intensity (NRS), opioid dose (in oral morphine equivalent [OME]), functional activity in Karnofsky scale, and quality of life by short form (SF)-36 questionnaire were measured by a resident who was not involved in the procedure. The other analgesics such as nonsteroidal anti-inflammatory drugs were kept constant for all patients. All patients were given oral paracetamol 4 g/day throughout the study period and oral etoricoxib 60-90 mg for 5 days. Furthermore, any complication or adverse effects were noted.
Statistical analysis
The statistical analysis was done using SPSS (version 16, SPSS Inc., Chicago, Illinois, USA) for Windows, and the variables were expressed as mean and standard deviation. The paired t-test was used to assess the effectiveness of the splanchnic nerve block by measuring the changes in variable (pain intensity, opioid dose, functional status, and quality of life) with time. The correlation among the variables was measured by Pearson correlation. Level of significance was set at <0.05.
Evaluations
The pain intensity was measured with NRS. The daily opioid dose was converted to OME and was calculated at baseline and at 2 weeks, 1 and 3 months after the procedure. The functional status assessment of the patient was done using the Karnofsky score, which was scored 0-100, with higher number indicates better function. The quality of life was measured by the SF-36 questionnaire, which assesses the various dimensions in the quality of life, including physical functioning, role physical, bodily pain, general health, social functioning, role emotional, vitality, social functioning, and mental health.
Outcome measures
The primary outcome was measured by 50% decrease in the pain intensity (NRS) from baseline to subsequent visits after the procedure. The secondary outcome measures were 50% improvement in functional status (measured by Karnofsky status), quality of life as measured by SF-36 questionnaire, decrease in opioid consumption (measured in OME, oral morphine equivalent), and incidence of adverse effects.
Results

Patients
About 25 patients underwent diagnostic splanchnic nerve block, and out of them, only 23 had a successful outcome. Out the 23 successful splanchnic nerve blocks, one patient refused for the therapeutic splanchnic nerve block, and out of the 22 patients who had underwent the therapeutic splanchnic nerve block, one patient was lost to follow-up immediately after the procedure and was excluded from the analysis.
Demographics
The mean age of the patients was 51.76 ± 4.74 years. The patients were 13 males and 8 females. There was no significant difference in the pre-or post-procedure pain intensity, opioid dose, functional status, or quality of life among the patients with different age or sex (P > 0.05).
Diagnosis
The patients included in the study were diagnosed with carcinoma of gallbladder (five patients), stomach (seven patients), and pancreas (nine patients), respectively. There was no significant difference in the pre-or post-procedure pain intensity, opioid dose, functional status, or quality of life among the patients with different diseases [ Figures 1 and 2 ] (P > 0.05).
Preprocedure chemotherapy, radiotherapy, and surgery
The data on preprocedure chemotherapy, radiotherapy, and surgery are given on Table 1 . There was no impact of the 
Body mass index
The average body mass index (BMI) of the patients was 25.29 ± 3.09. There were nine overweight and two obese patients. However, there was no significant difference in the pre-or post-procedure pain intensity, opioid dose, functional status, or quality of life among them (P > 0.05).
Preprocedure pain and opioid intake duration
The mean duration of pain and opioid intake before the diagnostic block was 61.43 ± 11.74 days and 42.62 ± 10.44 days, respectively. However, there was no significant difference in the pre-or post-procedure pain intensity, opioid dose, functional status, or quality of life among them (P > 0.05).
Pain intensity
There was a significant reduction in pain intensity after the neurolysis, from a baseline value of 8.67 ± 0.483-3.52 ± 0.68, and it was maintained at that level for 3 months (P < 0.05) [ Table 2 ]. There was 50% reduction in pain intensity in twenty patients 2 weeks after the neurolysis, whereas later, after 1 month, all the patients had got more than 50% reduction in pain intensity [ Figure 5 ].
Opioid dose
There was a significant reduction of opioid dose from a baseline value of 200 ± 78.88 mg to 102.86 ± 40.88 mg after 2 weeks and it reduced further at 1 and 3 months (P < 0.05) [ Table 2 ]. There was 50% reduction in opioid dose in 13, 18, and 19 patients at 1 weeks, 1 month, and 3 months, respectively [ Figure 6 ].
Functional status and quality of life
There was also nonsignificant improvement in functional status as measured by Karnofsky score from a baseline value of The number of patients with varying degree of relief in pain intensity after the neurolysis 51.33 ± 7.43-61.33 ± 7.43, and it remained at that level throughout the study [ Table 2 ]. There was also significant improvement in the physical components of quality of life as measured by SF-36 after the neurolysis (P < 0.05), whereas emotional components showed only minimal improvement [ Table 3 ].
There was no correlation among the demographic variables and preprocedure pain and opioid intake duration with relief in pain intensity and decrease in opioid dose after the neurolysis.
Multiple regression analysis also showed that neither the demographic variables nor the preoperative pain and opioid dose or duration were related to postprocedure pain intensity, opioid dose, functional status, and quality of life.
Complications
There were few minor complications following diagnostic and therapeutic splanchnic blocks. Of them one patient developed neuritis after the splanchnic neurolysis, which resolved after a few days. Furthermore, Transient hypotension and diarrhea occurred in 5 (23.8%) and 5 (23.8%) patients after diagnostic block and 4 (19%) and 3 (14.2%) patients after neurolysis, but it had resolved within 24-48 h. There were no major complications after the diagnostic or neurolytic block.
dIscussIon
In our study, splanchnic neurolysis resulted in significant and sustained relief in pain intensity and decrease in opioid intake in patients with upper abdominal pain from upper gastrointestinal malignancies with distorted celiac anatomy with severe pain not responding to opioid as per the WHO analgesic ladder. Furthermore, there was also improvement in functional status and quality of life after the neurolysis.
Efficacy of splanchnic nerve neurolysis
There are only few comparative studies on the splanchnic neurolysis with celiac neurolysis. [30] [31] [32] [33] The recent studies had showed that patients with splanchnic nerve neurolysis lead to better pain relief, less opioid consumption, fewer complications, and a better quality of life as compared to celiac plexus neurolysis. [30, 32] In our study, also we had found that more than 50% relief in pain intensity was obtained in all patients and more than 50% decrease in opioid dose was observed in >75% patients at 1 month. Furthermore, there was improvement in both functional status and quality of life in all patients. Our study also confirms that splanchnic neurolysis is a good option for patients with upper abdominal pain from upper gastrointestinal malignancy.
Distorted celiac anatomy
Furthermore, in advanced malignancies, the celiac plexus anatomy can be distorted by the underlying malignancy or the enlarged celiac lymph nodes, making the celiac plexus block difficult to access the celiac ganglia is difficult, or there is inadequate spread of the neurolytic agent. [19, 20] In our study, the celiac anatomy was distorted in all patients making the celiac plexus block difficult, and thus we had opted fr the splanchnic neurolysis which had resulted in significant pain relief, decrease in opioid intake, and improvement in functional status and quality of life. Hence, it confirms that in these circumstances, the splanchnic nerve neurolysis can be an effective alternative to celiac plexus neurolysis as there is no change in the anatomy of the anatomy splanchnic nerve with the disease progress.
Mechanical splanchnicectomy
There were many studies on the mechanical splanchnicectomy. There are three techniques for mechanical splanchnicectomy, which are transhiatal bilateral splanchnicectomy, unilateral thoracoscopic splanchnicectomy, and bilateral thoracoscopic splanchnicectomy. [21] [22] [23] [24] [25] The procedures had resulted in significant and prolonged pain relief and improvement in quality of life. [25] However, these procedures had been associated with complications such as pneumothorax, chylothorax, splenic injury, and intercostal neuralgia. [25] In our study, we had encountered only mild adverse effects such as hypotension and diarrhea, which had resolved spontaneously; while one patient had developed neuritis, which resolved in a few days and was well controlled with oral medications. Hence, fluoroscopy-guided splanchnic nerve block can be effective and safer alternative to mechanical splanchnicectomy for patients with pain from upper gastrointestinal cancers.
Thoracic splanchnic nerve radiofrequency thermocoagulation
The radiofrequency thermocoagulation had also resulted in good pain relief, decrease in opioid consumption, and improvement in quality of life in patients with pain from pancreatic cancers. [34] However, radiofrequency thermocoagulation needs a specialized equipment, whereas fluoroscopy-guided neurolysis only requires fluoroscope which is readily available in most of the centers. Thus, fluoroscopy-guided neurolysis can be good alternative to those centers which do not have the radiofrequency equipment or cannot afford to procure it.
Onset of maximum relief
The time for maximal relief from the celiac neurolysis is variable; some studies are showed immediate relief while other showed variable onset in relief. [35, 36] In our study, we had the obtained data only after 1 week from the procedure, and at that time, all the patients had got substantial significant relief in pain intensity which is similar to the study for splanchnic nerve block by Shwita AH and et al. [30] Effect of body mass index One previous study on celiac plexus block had found that with the increasing BMI, the success rate of celiac plexus block decreases, whereas in our study, we did not found any change in the success of the block with the increasing BMI. [37] The previous authors have postulated that the needle placement may not be accurate with increasing BMI, and in their technique, the verification of the needle placement was either not done or only by plain films and the verification by fluoroscopy or by CT scan in only 7.7% patients. [37] However, in our study, the verification was done by the fluoroscopy in all patients, which may the reason of higher success rate as the landmarks may change with the increasing BMI and with fluoroscopy, the exact target for block can be visualized in real time, and also the needle path and final position of the needle can be confirmed by the use of contrast, which is not possible with the blind technique or plain films in the study quoted.
Effect of chemotherapy, radiotherapy, or prior surgery
In our study, we did not find any influence of chemotherapy, radiotherapy, or prior surgery on the results of the procedure, which was similar to previous study by Koyyalagunta et al. [31] Effect on survival The splanchnic neurolysis also improves the survival as found out by Lillemoe et al., but in our study, we did not have the data beyond 3 months; Hence, its impact on survival cannot be analysed. [33] Effect of diagnosis There was no role of the cancer type on the performance of the neurolysis, which was similar to previous studies. [30, 31] Effect of duration of pain and opioid intake There was no effect of the duration of pain and opioid dose or duration of opioid intake on the performance of block. There was also no correlation between duration of pain and opioid intake with the preprocedure pain intensity or opioid dose.
Complications
There are few complications of celiac and splanchnic neurolysis which are described in literature, for instance hypotension and diarrhea, gastric or bowel perforation, vascular injury, hematoma, and chemical peritonitis. [26] The chances of gastric or bowel perforation, vascular injury, hematoma, and chemical peritonitis are rare in splanchnic nerve neurolysis as there is no vessels nearby the splanchnic nerve and the nerve is extraperitoneal, so neither bowel perforation nor vascular injury occurs with splanchnic nerve neurolysis. There was orthostatic hypotension in 23% and 19% of patients after the diagnostic and neurolytic block, which is similar to the previous study by Amera H and et al., where one previous study by Papadopoulos et al. found a very high incidence of 53% after splanchnic nerve block. [30, 34] In our study, transient diarrhea occurred in 23.8% and 14% patients after diagnostic and neurolytic block, which is less than the previous study, which reported a incidence of 30%. [30] However, there is still a rare possibility of paraplegia with splanchnic neurolysis, as described for celiac neurolysis, which fortunately did not occurred in our study. [34] In contrast, there is no serious complications reported in splanchnic neurolysis, as compared to celiac plexus block such as paraplegia, and no such complications had occurred in our study except one patient with moderate neuritis which resolved spontaneously within a few days. 
conclusIon
This study confirms that splanchnic nerve neurolysis results in relief in pain intensity, decrease in opioid intake, and also improvement in functional status and quality of life in patients with pain from upper abdominal malignancy with distorted celiac anatomy. However, to conclude the findings, a large randomized sham-controlled trial with adequate sample size and prolonged follow-up is needed.
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